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FLEXILEVEL ADAPTIVE TE~’rING PARAI)IGI: VALIDATION IN TECHNICAL TRAINING

1.0 Introduction

lAiring the past decade technical training has initiated and
expanded its caiinitment to individualized instruction. The dani-
nant feature of individualization is the adaptation of instruc-
tional processes and resources to each student. Given the goal of
adapting the overall technical training process , it seems only
natural to ask to what degree can testing becai~ adaptive? This
study was an empirical assessn~nt of the utility of the flexi-
level adaptive testing paradign (predictive entry and tailored
item presentation for each student) within an ongoing Air Force
technical training course . The primary purpose of the study was
to assess the reliability and validity of embedded flexilevel
adaptive tests by canparing the adaptive scorec with scores on the
conventional test (adaptive plus r~~ainder).

Adaptive testing paradi~ns have grown out of the observation
that many test items provide little or no information concerning
training mastery , since they are either too hard or too easy for
a given student. As a consequence of this observation , it seems
only natural to find sai~ appropriate way for rertoving those test
items without detracting fran either the reliability or the valid-
ity of the testing process. Nux~rous theoretical, simulated, and
empirical investigations of adaptive testing (Hansen et al., 1974;
Waters , 1975) have established both the framework and the scien-
tific basis for adaptive testing. Unfortunately, two limitations
have been observed. First, all of the empirical investigations
of adaptive testing have tended to utilize ability measures; and
in only one case (Ferguson, 1971) was the test content instruc-
tionally related. Secondly, in only a few cases (Larkin and Weiss,
1975; Waters , 1975) has the flexible resource of an interactive
cariputer been utilized to further resolve the logistics of tailor-
ing test item presentations for each student. Therefore, this
study was an investigation of the generalizability of these prior
adaptive testing findings to operational technical training under
car~uter-based techniques .

In operational terms , the feasibility of adaptive testing for
an ongoing technical training operation has yet to be established.
Therefore , this study was implemented in an ongoing course at the
Technical Training Center , Lowry Air Force Base , Colorado . Feasi-
bility was to be judged in terms of the adaptation of students to
the terminal) as well as the operational characteristics of the
testing sessions. ~bre importantly , did the adaptiv~ scores yield
direct equivalences to the total conventional scores so that they
might be utilized for decision-making in training?



The preponderance of prior empirical investigations have utilized
multiple groups or a concurrent validity approach. To establ i sh the
ful l implication of adaptive testing, a within-subject design was re-
quired to control for task difficulty and minimize the indiv idual
difference error variahce. Further, the within-subject design fulfills
cou rse personnel ’s desire for the student to be given the total test.
Related to this within-subject validity was an assessment of the impact
of the adapti ve algorithm in two procedural ways: the first, related to
the prediction of the student’s likely outcome score and entering him/her
at an appropriate level within the computer-based adaptive test (adap-
tive entry); the second, the flexilevel algori thm developed by Lord
(1971) which allowed a student to systematically move among harder and
easier items according to a response contingency rule.

For technical training , cost impi ftations, especially in the
potential for reduced testing time, are critically important. It has
been determined that a conventional test can be reduced in length by 40
to 50 percent (Hansen et al., 1974; Waters, 1975) as wel l as a somewhat
equivalent reduction in total test time . The total test time was not
reduced proportionately since it was found by Waters (1975) and Larkin
and Weiss (1975) that adaptively presented test items required more
mental processing time since they were on the “cutting edge” of the
student’s mastery level . It has been reported that the increase in
testing time varies between 12 to 20 percent per item. Therefore, total
test time was a major variable within this study .

From an operational training viewpoint , adaptive testing must
demonstrate a number of advantageous outcomes if it is to be accepted .
First, the adaptive and conventional scores should be essentially
identical unless the adaptive process provides either new information or
a significant reduction in error variance. This test score equivalence
can be assessed by test correlations and the number of missed item after
adaptive test cutoffs. These missed items could reflect critical training
objectives and imply the need for remedial training. Second , the psycho-
metric characteristics of both testing procedures should be essentially
equivalent unless adaptive testing yields superior indices . A deter-
mination of reliability and validity Indices can determine this issue.
The amount of test time savings and required costs determi ne benefits.
Finally, the impl i cations for systems effectiveness were critical.

2 
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2.0 Method

The primary purpose of the study was to validate the adaptive
flexilevel testing paradigm with respect to its major components of
predictive test entry and tailored i tem presentation . Procedures for
data collection involved the use of a repeated-measure design in which
students were first entered into the test and then administered i tems by
means of the flexilevel adaptive algorithm . After the student completed
the adaptive portion of test, all remaining items were presented . Thus ,
both an adapti ve score and a conventional te’~t score were obtained foreach subject in the sample.

Since scores on predictor variables for individualized entry were
unavai labl e for the first 158 subjects tested , it was decided to enter
these individuals at the median difficulty i tem in the test. This group
was then treated as a unique treatment group for analyses of the effects
of individuali zed versus standardized (median difficulty ) test entry on
dependent variables of: (a) test item , (b) item reduction , (c) reli-
ability , and Cd) validity of flexileve l performance scores . A within -
subject design was also employed to assess the relationships between
predictive entry and scores obta i ned on the adaptive and the conven-
tiona l tests.

In summary , major i ndependent variables consisted of: (a) the
testing algorithm (adaptive versus conventional) with its final score,
and (b) entry (individualized based on regression techniques versus
median difficulty i tem). Dependent variables consisted of: (a) con-
ventiona l test scores, (b) flexiscore , (c) number of flexi-test i tems,
(d) flexi-tiine , (e) total test time, and (f) errors after flexi-exit.
Reliability estimates of all test forms were obtained by means of the
KR-20 procedure.

Subjects

The subjects consisted of 444 airmen enrolled in the Inventory
Management/Materiel Facili ties (IM/MF) course at Lowry Air Force Base,
Denve r, Colorado. When termina l equipment was available , the next
student fini ’~~ ng the module under individ ualized training was selected .
The student population from which the subjects were selected was con-
sidered as fairly homogene~ ,s in characteristics pertaining to age ,
educationa l background , career goa l s , and military experience . Profile
data collected during the past year indicated that the typical student
enrolled in the IM/MF course was male (75 percent males~~o 25 percentfemales), an average age of 20, a high school graduate , and a relatively
recent inductee into the Air Force (i.e., less than one year of ex-
perience).

3



Subjects were oriented to believe that participation in the
study simply i nvolved taking their regularly assigned achievement
test (Block II) under a newly developed computer-assisted test
administration system, that is , at an i nteractive computer terminal.
Since the transiti9n from adaptive to conventional i tem presenta-
tions took place without interruption or change in subjects became
aware of the purposes of the experiment. It was doubtful that they
even suspected that there was anything unusual about the se1~ctionor sequencing of i tems as compared to the conventional paper-and-
pencil test of Block II.

Testing Materials

Predic t 
~riab les. The measures employed as predictor vari-

ables for ualized entry were three reading tests normally
admtnist~ tridents prior to their formal admission to the IM/
MF cour

The three tests were intended to provide estimates of individ-
ual aptitudes and abilities for comprehending and interpreting written
information. Among the specific types of skills tested were general
vocabulary , specific job sample , and reading test simulating the tasks
associated with the Inventory Management career field. Descriptive
test data derived from previous administr ations to students in the
IM/MF School (N = 367) showed means and standard deviations of
22.0558 and 7.0136; 4.7436 and 1.8629; and 6.0726 and 1.9232 for the
three tests. Reliability estimates (KR-20) for the three test were
.8573, .4295, and .5412, respectively.

Criterion Test. The Block II test of the IM/MF ,course was
selected for use in validating the adaptive testing paradigm . This
block covered researching supply publications and cata logs.

Satisfactory performance on the Block II test was considered
prerequisite for progressing to more advanced concepts and skills
taught in Blocks III and IV. The test consisted of 25 multiple -
choice i tems, each containing four alternatives. Normative data
collected during the past year indicated that mean student performance
was 78.87 on a 1 00-point scale with a standa rd deviation of 13.22
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Procedure. Preparation activities involved meeting with
course instructors and supervisory personnel fran the IM/MF course
~~e weeks prior to conducting the actual study to insure that the
teaching staff understood the procedures that they would be re-
quired to follow in coordinating the test administration and data
collection . Additionally, all instructors received a manual which
provided a brief overview of the purposes of adapcive testing along
with a detailed step-by-step account of the operational requirerr~nts
for the present flexilevel test; that is, procedures for “signing
on” the system, entering data , responding to items , interpreting and
recording results , and “signing off .”

The IM/MF course followed a criterion-referenced format in
which schedules for program pacing and evaluation were largely
self-determined by students . This necessitated administering
the adaptive test on an individual basis and when participants
elected to take Block 2 assessment . Specifically , once students
informed the course instructor that they were ready to take the
Block 2 test , they were directed to the terminal and given in-
structions for “signing on. ” Various panel displays then appeared
in a prearranged sequence with progression fran one display to
another dependent upon the student keypunching appropriate sym-
bols or words .

After “signing on ,” students entered identification informa-
don and scores obtained on the three reading aptitude tests.
Students unfamiliar with the system were then given instructions
for taking the canputer test and for using the canputer system in
general . These instructions could be recalled any t ine questions
arose during the actual test; also, students were encouraged to
seek assistance fran the laboratory instructor if ever uncertain
about the proper procedures for responding .

Following preliminary instructions , students were entered
into the flexilevel test at a difficulty level caimensurate with
their predicted performance (as determined by their reading apti-
tude scores) . When such scores were unavailable , entry took place
at the median difficulty item. Test items were administered sep-
arately with the rate of presentation determined entirely by the
student. Procedures for responding simply involved keypunching
the ni.znbers of selected nultiple-choice alternatives . Students
were told to carefully consider their responses before continuing
with the next item. If dissatisfied with their initial choice,
they were to erase it and select another alternative ; if satis-
fied, they were to finalize their answer by requesting that a new
item be presented . (‘ice answers were finalized , they could no
longer be changed.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ 



For the flexilevel portion of the test, the sequenc i ng of i tems
was determined in the following manner: once students were entered
in the test at individually assi gned levels , they were moved up and
down the difficulty hierarchy (all i tems rank-ordered from easy to
hard) based upon their performance. Specifica lly, each wrong re-
sponse resulted in the presentation of the next easier unpresented
i tem, whereas each correct response resulted exiting out of the
hierarchy at either the top or bottom level , they were administered
all remaining items . The test terminated after all 25 items were
presented . At the completion of the entire test , the instructor was
called to the terminal where he was able to obtain a suninary of the
student’ s performance. The specific information provided consisted
of: (a) total test score (number correct times four), (b) individual
item scores , and (c) total test time . For use by members of the
research team the follow i ng were provided : (a) fl exile vel score
(proportion of correct items time 100), (b) flexilevel entry , (c)
flexilevel exit , (d) flexilevel test time , and (e) a Green Score
(average difficulty of correct i tems . A printed copy of the data
was typically made available on the following day .

Computer Imp l ementation.

Figure 1 presents a flow chart of a student moving through each
of the steps . A more detailed description follows:

In signing on , the student entered his/her name and the compu-
ter executed a security check desi gned to limit system accessibility
and assure test security . The system also determined the student’ s
entry level in the test as he/she executed this test on the compu-
ter terminal.

When the student had completed the flexilevel portion of the
test , the remaining test items were presented and the student’ s res-
ponses were evaluated (see Figure 1). The flexi level portion of
the test was eva l uated in the post-analysis while the entire test
was evaluated using standard Air Force performance criterion scoring
procedures .

3.0 Results

During the early stages of the experiment , it was not possible
to gain the entry predictive scores on the reading tests until the
experiment had been running for approximately eight weeks. There-
fore, two natural groups occurred : those in a fixed entry group
(i.e., entered constantly at Item #13 within the item difficulty
hierarchy); and a variable group which was entered according

6
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to their expected outcar~ scores (i.e., the variable students were
entered at the item that nDst closely approximated their estimated
score for the tota,l test). This procedural change allowed assess-
ment of the impact of variable entry in canparison to a fixed one
within the adaptive test paradi~n (all known group characteristics
were canparable).

Table 1 presents the means and standard deviations for each
of the two groups on the critical variables. A cariparison of
the f ixed and variable groups indicated that the means were
essentially equivalent (all “t” values yield p- .05). The score
distribution was alrrost syiur~ trical with limited skewness towards
the criterion level of .70. Therefore , classical statistical
methods can be applied to the data . Most importantly for the study,
the flexilevel and total mean scores were practically equivalent
(p> .05). The entry item number indicates mean level predicted for
all the variable entry students, approximately one test item fran
the fixed level towards the nore difficult items . Finally , the
number of errors caTinitted on the average by students after their
flexilevel exit point is shown; one error tended to occur for these
approximately 10 items (25 total items minus exit m ean of 15.1).
These errors are important to note in that if a flexilevel pro-
cedure were operational, it would not flag these items for the
purpose of diagnosis and subsequent remedial prescriptions.

Table 2 presents the item statistics and reliabilities of the
tests. The flexi-test was based on those students exiting
after l5or less items , but included all their responses. The
total test referred to all students and items. As indicated, item
difficulties tended to be relatively easy. This is a test character-
istic corrnonly found in criterion-referenced testing. In turn, one
can note that the reliability indices for items varied fran a very
low level up through a noderate level (the reliability index was
derived by multiplying the correlation of the item score with the
total score times the item’s standard deviation). As presented
in Table 2 , the Kuder-Richardson 20 reliability coefficients were
.594 for flex! students and .621 for the total group. The standard
errors~ f measurement were 1.66 and l.95,respectively. A compari-
son of biserial and phi coefficients , a contrast of classical and
criterion-re terenced methods , yield values similar in magnitude,
the largest being .11. In reference to the initial 88 paper-and-
pencil test protocols (N 88) utilized to establish item difficulty
m d  imp lement the adaptive testing approach , the Kuder-Richardson
reliability was .586. Therefore , there was a slight positive iricre-
ment in the internal consistency of the adaptive test presented
over a caiputer terminal .

8 
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Tab le  1

Adapti~’e Test Descriptive Statistics
For Fixed and Variable Entry Groups

Fixed Entry Variable Entry “t ’ Value
Variable (N = 158) (~1 = 286 )

N X SD SD

Total Score
(25 Items ) 77.7 11 .1 77.2 11. 1 .29

Flexi-Score 75.8 11.3 76.3 11 .3 .32

Entry Item 13.0 NA 11 .9 2.3 -

Exit Item 15.1 3.8 15.2 3.9 .53

Total Time 13.2 4.5 13.2 5.5 .28(Mm )
Flexi-Time 10.3 4.6 10.3 5.1 .31

(Mm )

Errors After
Cutoff 1.03 .96 1.01 1.0 .20

9
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Tabl e 2

Item Statistics and Reliab ilities
For Fl exi-Test and Total Test

Flex -Test (N = 289) Total Test (N = 444)

Items Difficulty Rel Index Difficul ty Rel Index

1 .962 .039 .941 .045
2 .891 .048 .857 .077
3 .817 .095 .782 .155
4 .798 .140 .748 .205
5 .783 .174 .757 .152
6 .592 .216 .435 .160
7 .786 .133 .730 .097
8 .692 .174 .640 .119
9 .776 .203 .746 .157
10 .641 .226 .605 .167
11 .913 .036 .887 .070
12 .742 .127 .739 .107
13 .788 .138 .741 .119
14 .895 .141 .857 .118
15 .957 .010 .943 :058
16 .870 .117 .844 .135
17 .81 5 .149 .785 .147
18 .839 .167 .825 .133
19 .82 7 .138 .798 .127
20 .901 .068 .878 .094
21 .569 .167 .569 .180
22 .780 .162 .744 .163
23 .804 .159 .737 .177
24 .867 .098 .94 3 .062
25 .895 .143 .771 .145

KR-20 Rel . .594 .621

S. E. Meas . 1 .663 1 .951
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Analysis of flexi-test item sequences yielded reliability
coefficients slightly lower in magnitude (15 icems--r = .483 ;
18 itenis--r = .514; and 21 items--r = .573). These were derived
by grouping at these exit points and item analyzing only the
fle.xi-atterrpted items . The KR-20 indices were equivalent and non-
significant (p> .05) especially if a test length correction was
made.

In reference to the issue of variable test entry posed for
the study (Table 1), the fixed and variable entry groups had
similar means . There was no statistical -difference (p> . 05).
tt)re importantly , an assessment of the difference between the
total score and the adaptive flexilevel score indicated no signi-
ficant difference . Therefore , scores yielded under either approach
could be used operationally within technical training.

In reference to the time measures, there were no tendencies
for group differences. ~bst importantly, the flexilevel time was
significantly less than the total time. This, of course, is to
be expected since there were essentially nine fewer test items
presented (see Table 1, Mean Exit Value). Average time per item
was 31.68 seconds for the total test and 40.92 seconds per item
for the flexilevel test, or an average of 29°!. longer per item on
the average for the students to complete the adaptive item. It
should be noted though, that the differences in time indicated that
the remaining nine items were considerably easier and they also
required far less mental processing time on the average. Both time
measures (total and flex!) included a variable terminal orientation
time of approximately three minutes.

IXie to a computer recording error, item latencies were not
collected. Although an item time average based on either the
flexi—or-total times divided by the actual item nunbers was not
equivalent to item latencies, the total group yielded an average
flexi-item time of .815 minutes and an average post-flexi- item
time of .281 minutes . The post- flexi-items were obviously easier
due to their .90+ level of difficulty and yielded shorter times
by a factor of three. On the other hand, if one considers the
eight percent of students who exited on the easy end of the item
array and then took nore difficult items , the average flex!- item
times were . 758 minutes and the average post- f lexi- item times
were .829. These post-flexi values were approximately equivalent
to the total group’ s flex!- item time values.

In reference to the question concerning the functional rela-
tionship between adaptive test scores and total test scores, Table
3 presents the correlation anong the significant variables. All
coefficients were statistical ly significant . The part-whole

11
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Table 3

Pearson Product-Moment Correlations
For Total Group

Variables 1 2 3 4

1. Total Score - .940* .267 .306

2. Flexi-Score - .223 .281

3. Total Time - .680*

4. Flexi-Time -

* Part-t4hole correlation



correlation between adaptive flexilevel scores and total scores was
R = .940. Note, there is a mininun built-in correlation, i.e., total
score equals flex! -score plus the sun of other correct items divided
by the nunber of items . A rank -order correlation procedure yielded
a value of R = .902; thus the class rank position was highly stable
between flexilevel and total score approaches. To maintain independ-
ence, the correlation of flexilevel scores with remaining item scores
was r = . 838. The reduction in the magnitude of the correlation can
be attributed to the reduced variances on the remaining item scores .
This correlation coefficient agreed with the near equivalent mean
outcai~ s.

As presented in Table 3, total score had a low negative rela-
tionship with total test time; a similar negative relationship
with flexilevel time (i.e., the higher the total test score, the
shorter the flexilevel time); and a substantial negative relation-
ship with the exit item number (i.e., the higher the total test
score, the lower the exic item number). The adaptive test scores
had a relational pattern which was highly similar to that of the
total test scores; that is, a low negative relationship to total
time , a similar negative relationship with flexi-tii~~, and a
substantial negative relationship to the adaptive item exit nun-
ber. The relationship between total time, flexilevel time , and
other variables was similarly patterned .

4.0 Discussion

The primary focus of this study was concerned with the opera-
tional validation of adaptive testing. The direct comparison of
adaptive test scores with total test scores yielded a part-whole
correlation coefficient of R = .940. The mean values and standard
deviations. for the t~~ scores were practically equivalent . Viewed
fran this perspective , adaptive testing was a nost appropriate
substitute for a n~ re conventional assessment approach in that it
yielded highly equivalent scores having equivalent means and standard
deviations . For the purposes of instructional decision-making , the
t~~ scores yielded identical outcar~ s.

Unlike prior studies , such as Waters (1975) , the number of items
reduced within the total criterion-referenced test was 39.5 percent
as opposed to an expected value closer to 50 percent. Given that
a student had to take a tninfrun of 12 items to exit fran the flex! -
routine , a saving of 70.9 percent was achieved on the remaining
items. Since percentages are relativistic , the saving of 9.22 items
out of 25 items was the inportant finding given the brevity of the
test.
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Even nore important , as reported by Waters (l975~ , the re-
duction in testing time was only 18.4 percent and could be attri-
buted to the increased mental processing time required for the
relatively nore difficult items presented under the flexilevel
routine . For the total group the average flexi item time was .815
minutes while the average post-flexi-item tine was three times
less (.281 minutes). This finding tended. to reverse for poorer
students who exited at the easy item end (average flexi-itan
time = .758 minutes and average post—flexi-item-time = .829 minutes
Additionally, it should be noted that approximately three minutes
should be partitioned out for the time devoted to introducing a
student to the computer terminal. The anount of time savings due
to adaptive testing, especially for criterion-referenced tests,
is likely to be considerably less than the proportional number
of test items. A detailed item latency analysis should resolve
this dissimilarity .

In a nore limiting vein , the errors after the flexilevel
cutoff were 1.01 errors out of 9.22 items. This value was within
the range of the standard error of measurarent for the total test
but undoubtedly unacceptable for the assessment of specific train-
irig objectives . If the student population was divided by the
exit ends of the test (hard vs. easy), one vx uld find that the
higher performers caiinit ted only .94 errors, while the lower F

performers carinitted 2.62. This ~~uld inply that for those stu-
dents performing below the expected mean on an adaptive test ,
subsequent test items ought to be presented to nore fully diagnose
specific training objective acccinplishnient . As an attenuating
factor on this mean error after adaptive testing cutoff , the item
difficulties utilized within the study had a Spearman rank-order
correlation of r = .68 with the difficulties generated by the 88
standardizing students. This fluctuating item difficu1.ty was
probably due to both the shifting nature of instruction within the
course as well as the possibility of shifting student abilities .
The major point was that adaptive testing ~~uld require constant
nonitoring of the item difficulty hierarchy to be effectively pur-
sued. Given the shifts in item difficulties as presented in Table
2 , adaptive testing was robust in that the adaptive scores and total
scores were quite similar . This suggested that initial inp1~renta-don procedures were not likely to yield spurious results . In con-
sidering all of the above, it seems appropriate to consider adaptive
testing an acceptable alternative to conventional test item presen-
tat ion

In reference to the fixed versus variable entry, the results
were far trore indecisive. ~~an values were nearly equivalent .

_____________ — 
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Given the logistic re4uirarent of assembling entry predictor
treasures and utilizing these in a regression approach , the iniple-
mentation of flexible entry is questionable . If one had entered
all of the students at the expected mean value for the test , one
could anticipate that a nearly optimal result would be forthcoming.
C~r the other hand , if the number of test items was vastly in-
creased (N =50) and with even greater ranges of item difficulties,
flexible entry might prove to be of greater benefit.

In reference to the time savings gained through adaptive
testing , it should be noted that conventional approaches would
have allowed each student 30 minutes to complete the 25 items .
If this was considered the benchr~ark, one would have anticipated
a savings of 59.6 percent as opposed to the 18.4 percent noted.
In addition , the time required for the caiputer terminal direc-
tions could be further reduced if terminal-oriented testing
became a comprehensive part of the training operation . The lost
impressive aspect of carputer-based adaptive test time was the
obvious reduction in carparison to a conventional test. There
were anecdotal reports fran students concerning the stressful
aspects of ccxtputer presentation. There were canplaints speci,fi-
cally directed at the inability to alter answers after initial
entry. Further , the canputer stressing effects undoubtedly account-
ed for the slightly higher reliabilities found within adaptive test-
ing , a finding well-docurented by Hedi (1971) .

The feasibility and validity of adaptive testing as an integral
part of carputer-based technical training has been docurented by
this study. The high validity and reliability indices supported
this finding. The cariparison of the fixed and variable groups also
contrasted the first and second eight-week periods . There were no
discernible differences . The fluctuating item difficulties did
not yield negative tzrpacts . The reported operation was srrooth
with sate initial criticism. Therefore , the system i.rrip lications of
adaptive testing were positive.

This study established both the positive aspects as well as
the limitation of adaptive testing within ongoing technical train-
ing . Further efforts are planned to study the predictive validity
found in a tailtiple or hierarchically arranged test paradi~ n.
While many obvious extensions in the reliability and validity areas
remain for further study , it is clear that the essential outcares
in this study as well as the Waters (1975) and Larkin and Weiss
(1975) studies indicated its obvious advantage for both u nproved
assessnent and reduced training tine within a technical training
system.
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